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Available online 4 August 2016AbstractPurpose: To investigate the usefulness of dual energy spectral computed tomographic (DESCT) imaging parameters in diagnosing hepatic
alveolar echinococcosis (AE) disease by comparing with traditional CT.
Materials and methods: In this prospective study, 35 consecutive patients (22 men, 13 women; mean age, 42.6 years) suffering from hepatic
echinococcosis (HE) (HE cases were confirmed by surgery, pathology or multiple imaging methods) underwent abdominal DESCT scan,
consisting of arterial phase (AP), portal venous phase (PVP) and delayed phase (DP), in dual-energy (80 kV/140 kV) mode. 15 patients had AE;
20 patients were pathologically confirmed cystic echinococcosis (CE). The CT patterns of the AE lesions were classified into solid, pseudocystic,
or mixed type. The size, location, invasion findings were recorded. The serial function images (ie, iodine-based material-decomposition CT
images, contrast-to-noise ratio images, monochromatic images, spectral curve images) from DESCT data were processed with a software al-
gorithm designed to calculate optimal CNR value, quantitative iodine concentration (QIC), curve slope for evaluation of HE lesions. Sensitivity
and specificity were compared between the qualitative and quantitative studies for DESCT and traditional CT in HE. The two-sample test and
ROC curve analyses were performed to compare quantitative parameters between AE and CE.
Results: A total of 18 AE lesions (6 solid, 2 pseudocystic, and 10 mixed) with average 87.6 ± 50.7 mm lesion size were assessed. DECT detected
more contrast enhanced lesions (71.6%) than traditional CT (50.9). There was a significant difference in the QICs between various layers of the
HAE in each of the three scan phases (P < 0.001). The QICs in the marginal zone were significantly higher than that in solid or cystic layers and
liver parenchyma. No significant difference was found among the various CT patterns of hepatic AE. 65 keV is the optimal monochromatic
image with corresponding contrast noise radio (CNR) 10.24 ± 2.62. The spectrum curve showed “inversed saddle pattern” for HAE lesion. The
differences of slopes between solid, margin zone and normal liver parenchyma of HAE lesion were of statistical significances in the region of
40e60 keV and 60e70 keV (P < 0.05). There were statistical significances in slopes of spectrum curve between AE and CE with different keV
regions. The spectrum curve of CT was in gradual falling type. ROC showed the areas under the curves (AUC) for k values to differentiate
between AE and CE were 1 in region of 40e60 keV and 0.847 in region of 70e140 keV.
Conclusions: DESCT could provide more information by using monochromatic images, iodine-based material decomposition images and the
quantitative analysis of IC than traditional CT for the diagnosis of HE.
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Echinococcosis is a cosmopolitan zoonosis caused by adult
or larval stages of cestodes belonging to the genus Echino-
coccus (family Taeniidae). The two major species of medical
and public health are Echinococcus granulosus and Echino-
coccus multilocularis, which cause cystic echinococcosis (CE). Production and hosting by Elsevier B.V. This is an open access article under
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CE, AE is appeared as rare but life-threatening as well as
difficult for the operation. Most of the hepatic alveolar echi-
nococcosis (HAE) appears nonspecific, and it is hard to
differentiate from other liver diseases, especially liver cancer
[4,1] because of its malignant tumor-like characteristics of
destructive tissue growth, invasion of adjacent organs, and
distant dissemination [5]. The current clinical diagnosis of the
HAE relies mainly on the detection and the follow-up parasitic
lesions by imaging methods [6]. Although many well known
characteristics have been described for AE on many imaging
modalities, such as ultrasound, CT or MR imaging, it remains
the challenge for radiologists to find well-validated functional
imaging markers to determine metacestode viability in AE [7].
In recent years, [18F] Fluoro-deoxyglucose positroneemission
tomography (FDG-PET) which is currently considered to be a
reliable tool, has been used to this purpose [11,12]. However,
complicated equipment and high healthcare cost widely limits
a widespread acceptance of PET/CT as a routine modality for
HAE evaluation [8], especially not available in resource poor
regions which is the major endemic area for this disease. For
those reasons, an accurate, economic and practical alternative
method is still required for the evaluation of AE lesions.
Despite the disadvantage of radiation problem, multidetector
computed tomography (MDCT) is the most widely used im-
aging modality for detection and characterization of a known or
suspected AE in the majority of low-resource countries,
including China, where the disease is endemic in both remote
areas of western provinces and autonomous regions [9,10].
Recent technological advances in MDCTwith the introduction
of the dual energy spectral CT (DESCT), together with serial
multiple parameters function images made it possible to get
more information of hepatic lesions [11,12]. In contrast to the
conventional CT scan, which provides only morphologic and
structural information, DESCT has emerged as a promising
imaging modality for functional assessment to get clinical
relevant images [13,14]. Moreover, with the quantitative data of
iodine concentration (IC, measured in mg/ml) in selective
sample tissue [15], DECT could provide more precise and ac-
curate measurement of lesion vascularity [16]. Therefore, as a
non-invasive, simple, low radiation, and primary modality for
imaging of HAE in clinical routine, DECT appears reasonable
to investigate more imaging features of HAE.
To our knowledge, no previous study with DESCT in HAE
has been performed up to now. Thus, the purpose of the pre-
sent study was to investigate the usefulness of DESCT imag-
ing parameters in diagnosing hepatic alveolar echinococcosis
disease by comparing with traditional CT, hoping to provide a
valuable approach for the diagnosis and the follow up of the
HAE.
2. Materials and methods2.1. Patients enrollmentThis study was approved by the institutional review
board of The First Affiliated Hospital of Xinjiang MedicalUniversity. All patients provided their signed, written
informed consent to participate in this study.
From February 2014 to October 2015, 53 consecutive pa-
tients (20 men, 13 women; mean age, 52.3 years) with sus-
pected HE admitted to the level three unit of the First
Affiliated Hospital of Xinjiang Medical University, Urumqi,
Xinjiang, China, were recruited for a prospective abdominal
imaging study. They were from different ethnic groups
including Han, Uygur, Kazak and Tibetan nationality.
The selected patients were those who were diagnosed based
on imaging, historical, and serological criteria according to
World Health Organization-Informal Working Group on
Echinococcosis recommendations [17]. Thus, the diagnosis of
HE were confirmed by surgery in 32 cases, by cutting-needle
puncture in 1 case, by a combination of imaging and serology
in 12 cases, and by imaging alone in 8 cases. At the time of
recruitment, 15 patients (9 males, 6 females; average age
36.4 ± 9 years, range 17e49 years) were diagnosed with AE
and 20 patients (15 males, 5 females; average age 47.6 ± 10.2
years, range 32e66 years) were diagnosed with CE. Eighteen
(33%) of the 53 patients were excluded from the study because
(a) one was diagnosed with metastasis from rectum cancer and
one confirmed with mucinous adenocarcinoma from gall
bladder by surgery, (b) four declined to participation in the
study, (c) five already had imaging data from other hospital,
(d) two had abnormal renal function, (e) five patients left for
economic reason. Among 38 diagnosed HE patients from the
Registry database, DESCT had been performed in all patients.2.2. Computed tomography examination
2.2.1. CT imaging protocol
All patients were examined with a 64-row multi-detector CT
scanner (Discovery CT750 HD; GE Healthcare, USA) using
dual energy model. Images were acquired during a single
breath-hold from the dome of the liver to the iliac crest during
inspiratory breath-hold in cranio-caudal direction. Unenhanced
scan was performed in the conventional helical mode at a tube
voltage of 120 kVp. A total of 80e100 mL (1.35 mL/kg) of
iodinated contrast medium (Iopamidol, 370 mg/mL; Shanghai
Bracco Sine Pharmaceutical Co., Ltd., China) was intrave-
nously administered via an automated dual-syringe power
injector (Tennessee XD2003, Ulrich GmbH & Co. KG, Ger-
many) inserted into an antecubital vein according to a body
weight (mean 66 ± 12 kg) adapted injection protocol. This was
followed by a 30 mL saline flush at the same injection rate.
The contrast-enhanced CT scan consisting of arterial phase
(AP), portal venous phase (PVP) and Venous Phase (VP) were
obtained with spectral CT in gemstone spectral imaging (GSI)
mode by combining the energy of 80 and 140 kVp. The CT scan
was triggered by a bolus-tracking technique with the region of
interest placed in the abdominal aorta at celiac trunk level, and
image acquisition of AP started 6 s after the signal attenuation
reached the pre-set threshold of 120 Hounsfield units (HU). The
PVP and VP phases were acquired another 30, 60 s after the
arterial phase scanning. The other scan parameters were as
follows: detector collimation of 64 mm  0.625 mm; gantry
122 Y. Jiang et al. / Radiology of Infectious Diseases 3 (2016) 120e127rotation time of 0.6 s; tube current of 430 mAs; pitch of 1.375:1.
Slice thickness and interval for axial images of 5mm/5mm; and
FOVof 500 mm.
2.2.2. CT image postprocessing
All images were reconstructed with a slice thickness of
1.25 mm with the manufacturer's “Standard” reconstruction
kernel, and data were transferred to GSI viewer software
workstation (GE Advantage Workstation 4.6; GE Medical
Systems, USA) for quantitative analysis and images review-
ing. Three types of images were reconstructed from the single
spectral CT acquisition for analysis: conventional poly-
chromatic images obtained at 120 kVp, water- and iodine-
based material decomposition images, spectral curve images,
optimal contrast to noise ratio (CNR) images, and mono-
chromatic images obtained at energies ranging from 40 to
140 keV. In addition, various preset color-coded schemes for
iodine map were available to visualize the iodine distribution.
In this study, ‘hot’ was used as the color-coded scheme to
reflect the iodine distribution of lesion.2.3. Image analysisAll images were assessed by two radiologists with 8e10
years' experiences who were blinded to the information of
patients and PET-CT interpretation. In cases of discordant
interpretations, decisions on CT findings were reached by
consensus. The default monochromatic 70-keV images were
reviewed for the size, number, features and localization of
HAE lesions. For iodine quantification analysis, the iodine
distributions in milligram for HAE lesions were measured on
the iodine-based material decomposition images.
CNR was calculated as:
CNR¼ ðCTVlesionCTVliverÞ=noise;
wherein, CTVlesion and CTV liver refer to the CT value of
lesion and CT value of liver separately.
The slope rate was calculated by formula in spectral curve
images:
k¼ y=x;
wherein, k means slope rate, y represents the difference of CT
value in different monochromatic energy, while x means the
difference of monochromatic energy accordingly.
Since measurable target lesions were classified into three
types according to CT pattern of HAE, solid, pseudocystic and
‘geographic map’ (mixed) [18]. So the region of interest (ROI)
were placed separately at the two different components (solid
and cystic) of the HAE lesion with careful avoiding the
interference from surrounding major blood vessels, calcifica-
tion and bile duct tissue, where volume averaging could occur.
Furthermore, according to previous study and our observation,
there was sometimes a rim faint enhancement (5e10 mm) in
the peripheral of AE lesion with the normal liver parenchyma,
which is thought to be a granulomatous host reaction sur-
rounding the metacestode, including a vigorous synthesis offibrous and healing tissue [7]. This kind of structural change
account for the main periparasitic cell activation [19]. So the
marginal zone of AE is taken into account. As for the mea-
surement of marginal zone, two ROIs were placed at the
hypoattenuation of territorial solid component on the inside of
AE tissue (marginal zone inside) and isodensity area close to
normal liver parenchyma on the outside of AE (marginal zone
outside) with size less than 10 mm exhibited on CT image. To
ensure that the same lesions at the same level were measured
on DESCT, size, shape, and location of the ROIs were kept
constant between the different scan phases. Meanwhile, the
measurement location should be in line. The actual ROI area
ranged from 30 to 80 mm2. In order to account for potential
measurement errors, 3 ROIs were drawn for each lesion, and
the mean value of these ROI measurements was used for
further analysis. In addition, number, location, and size of the
lesions, the presence of bile ducts dilation, vessels involve-
ment, and pattern of lesions enhancement after injection
(none, slight, marked enhancement) were also evaluated and
categorized.2.4. Statistical analysisThe statistical analysis was performed with IBM SPSS
Statistics version 20 (SPSS Inc, Chicago, IL, USA). The
fitness of numeric data set to normal distribution was deter-
mined using the KolmogoroveSmirnov test. The data were
normally distributed, so the differences in the QICs, CT value
and slop rate between the different components of lesion and
normal liver parenchyma and three scan phases were analyzed
using univariate one-way analysis of variance (ANOVA) under
General linear model. The student's t-test was used to identify
significant differences between AE and CE in quantitative
DESCT parameters of iodine density and slope rate. The
receiver operating characteristic curves (ROC) was used for
spectral curve slope to differentiate between AE and CE
during PVP. A P value of less than 0.05 was considered sta-
tistically significant.
3. Results3.1. Imaging findingsThe investigations were well tolerated by all patients. No
adverse reaction to iodine anaphylactic was observed.
The 18 HAE lesions from 15 patients were identified and
classified as solid type (n ¼ 6), pseudocystic type (n ¼ 2), and
mixed type (n ¼ 10). The mean diameter of HAE lesions was
77.4 ± 24.9 mm (range: 36e120 mm). The majority of lesions
were solely localized in the right hepatic lobe (ten lesions,
66.7%), 5 were in the left lobe, and 3 involved in both lobes.
HAE lesions presented a mixed lower density mass with
diffused border on CT image, accompanied with scattered
hyperattenuating calcifications and hypoattenuating areas
corresponding to necrosis. In some lesions (10/18), a contin-
uous or a discrete circular rim-like enhancement and interval
enhancement were visualized especially during PVP and VP,
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type account for 11.1% (2/18) and solid form account for
11.1% (2/18) respectively. This finding was more direct and
striking on pseudocolor iodine-based material decomposition
image (Fig. 1). The thickness of enhancement belt ranged
from 4 mm to 12 mm. Intrahepatic dilation of the biliary ducts
was documented in five patients (27.7%). The lesions invaded
the vessels in 12 (66.7.0%) patients: hepatic veins were
involved in ten patients, and for five patients, both hepatic
veins and the main portal vein were invaded; the inferior vena
cava was invaded in four patients.
All 20 CE were solitary lesions and the mean diameter was
112.8 ± 52.6 mm (range: 36e120 mm) .12 lesions (60%) were
localized in the right hepatic lobe, 5 were in the left lobe, and
2 involved in both lobes. There were no invasion of bile ducts
or vessels and infection happened in all CE cases. HCE lesions
presented unilocular or multilocular cysts with spherical or
oval structure of near-water density. Most cases had daughter
vesicles inside the cyst, and the CT densities of viable
daughter vesicles were lower than those of the initial cyst they
have developed from. Calcifications were seen on the wall of
CE.3.2. Qualitative image analysisDuring qualitative analysis of 18 HAE lesions by
comparing with conventional CT methods, rim-like enhance-
ment was observed in 12 (71%) on pseudocolor iodine-based
material decomposition image, and 9 (50%) on conventional
contrast enhanced CT image during PVP and VP. In addition,
from the monochromatic images obtained at energies ranging
from 40 to 140 keV, we found images at 65 keV level could
obtain good image quality for demonstrating HAE structure.
Moreover, the CNR images also showed energy of 65 keV was
optimal monochromatic image for displaying HAE lesions
(Fig. 2A and B). We observed almost the same energy atten-
uation curve like “inversed saddle” represent the solid
component of HAE in 10 patients on spectral curve image
(Fig. 3).Fig. 1. Pseudocolor iodine-based material decomposition image. A
continuous circular rim-like enhancement was visualized at peripheral of AE.3.3. Quantitative image analysisThe measurements for the size of HAE were
71.36 ± 50.16 mm on conventional CT and 79.53 ± 53.77 mm
on DESCT respectively, there was no obvious significant dif-
ference in the measurements of HAE size between conven-
tional CT and DESCT (P ¼ 0.52).
Values for the defined quantitative parameters of CNR
measured in the HAE lesions are shown in Table 1. The
optimal CNR mean value was1.40 ± 0.46 under 75 keV during
AP, while optimal CNR mean value were 4.27 ± 2.38,
3.92 ± 1.37 under 65 keV during PVP and VP, respectively.
There were significant differences in mean CT value between
65 keV and 75 keV (mean CT value, 162.74 ± 30.38 Hu vs
129.36 ± 22.62 Hu, P < 0.05) in the marginal zone of HAE
lesion during PVP.
All DESCT quantitative iodine density measurements
associated with AE and in the corresponding component are
summarized in Table 2.
The difference of iodine densities between marginal zone
outside, marginal zone inside, and solid components of HAE
lesion and normal liver parenchyma was significant for all
contrast enhanced scan phases (P < 0.05). There was no iodine
distribution in the cyst component of AE lesion due to the
central necrosis. The marginal zone outside of the AE lesion
showed high iodine density distribution as a sign of viability in
this area. The mean iodine density of marginal zone outside
was higher than that of solid and marginal zone inside.
Moreover, the mean iodine density for the marginal zone
outside in PVP and VP was higher than AP (30.82 ± 8.1 mg/
mL, 27.71 ± 7.21 mg/mL vs 8.25 ± 4.48 mg/mL). On the
other hand, there were no significant difference for iodine
density between marginal zone inside and solid component of
AE lesions. No significant difference of iodine density was
found among different CT pattern of HAE.
The reason why we chose PVP to contrast spectral atten-
uation curves for the HAE lesion was that the detail of HAE
lesion was clear to be observed on PVP. The spectral curve
slope for different components of HAE lesion were compared
in Table 3. Take solid component of HAE lesion for example.
The spectral curves were different between 40e60 keV and
60e140 keV. In energy interval of 40e60 keV, the slope
presented as a slow uptrend type, which had a highest CT
attenuation around 60 keV. The spectral curve turned to be
gradually falling type between 60 and 140 keV region. The
curve seemed like the ‘inversed saddle pattern’, while the
spectral curve of margin zone and normal liver parenchyma
were in gradually falling type. The differences of slopes be-
tween solid, margin zone and normal liver parenchyma of
HAE lesion were of statistical significances in the region of
40e60 keV and 60e70 keV (P < 0.05).3.4. Differentiation of AE and CEThe comparison of slope from spectral curve between AE
and CE under different keV is shown in Table 4. There were
statistical significances in slopes between AE and CE with
Fig. 2. The CNR measurements (A); The optimal CNR curve graph (B).
Fig. 3. The spectrum curve image from 10 cases of AE.
Table 2
QIC measurements in HAE lesions.
Site QICS (mgI/mL)
AP PVP VP
Solid 4.97 ± 0.95 11.39 ± 1.39 11.85 ± 1.52
Marginal zone inside 5.37 ± 4.28 13.40 ± 4.70 12.29 ± 3.76
Marginal zone outside 8.26 ± 4.48 30.82 ± 1.32 27.74 ± 1.45
Normal liver 6.28 ± 2.77 26.16 ± 1.43 24.16 ± 1.44
P 0.17 <0.01 <0.01
Table 3
The comparison of spectral curve slope between different components from
HAE.
Site 40~60 keV 60~70 keV 70~140 keV
Solid 0.27 ± 0.1 0.47 ± 0.18 0.03 ± 0.01
Marginal zone outside 6.97 ± 1.73 3.78 ± 0.87 0.88 ± 0.23
Normal liver 5.88 ± 1.84 2.73 ± 0.91 0.76 ± 0.23
P <0.05 <0.05 0.18
Table 4
The comparison of k value from spectral curve between AE and CE under
different keV.
HE 40~60 keV 60~70 keV 70~140 keV
AE 0.54 ± 0.07 0.26 ± 0.03 0.27 ± 0.02
CE 0.38 ± 0.08 0.14 ± 0.02 0.05 ± 0.02
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ually falling type. There was quit difference with slope in the
region of 40e60 keV between them, AE was in uptrend type
(0 < k < 1) and CE was in falling type (1 < k < 0). From 60
to 70 keV and 70 to 140 keV, both AE and CE had the same
curve slope, but CE was higher than AE (Fig. 4). On the other
hand, by using the receiver operating characteristic curves
(ROC) for spectral curve slope for differentiating between AE
and CE during PVP (Table 5). We observed the results that the
areas under the curves (AUC) for k values for differentiating
between AE and CE were 1 in region of 40e60 keVand 0.847Table 1
The measurements of CNR for HAE in different energy.
keV 45 keV 55 keV 65 keV 75 keV 85 keV 95 keV
AP 1.17 ± 0.31 1.36 ± 0.48 1.38 ± 0.62 1.40 ± 0.46 1.06 ± 0.37 1.08 ± 0.52
105 keV 115 keV 125 keV 135 keV 140 keV
AP 1.05 ± 0.43 1.03 ± 0.21 1.01 ± 0.38 1.00 ± 0.13 0.98 ± 0.16
keV 45 keV 55 keV 65 keV 75 keV 85 keV 95 keV
PVP 4.03 ± 2.33 4.24 ± 2.53 4.27 ± 2.38 4.14 ± 2.87 3.10 ± 2.47 2.74 ± 1.48
105 keV 115 keV 125 keV 135 keV 140 keV
PVP 2.48 ± 1.78 2.26 ± 1.69 2.07 ± 1.43 1.92 ± 1.23 1.80 ± 1.17
keV 45 keV 55 keV 65 keV 75 keV 85 keV 95 keV
VP 3.85 ± 1.34 3.67 ± 1.55 3.92 ± 1.37 3.7 ± 1.64 2.80 ± 1.44 2.44 ± 1.52
105 keV 115 keV 125 keV 135 keV 140 keV
VP 2.19 ± 1.37 1.98 ± 1.89 1.81 ± 1.56 1.66 ± 1.12 1.54 ± 1.10
P <0.001 0.019 0.001
Fig. 4. The spectrum curve of AE and CE.
Table 5
The comparison of AUC, threshold, sensibility, specificity from ROC curve to
differentiate AE and CE using k value under different keV.
Index 40~60 keV 60~70 keV 70~140 keV
AUC 1 0.675 0.847
Threshold value 0.24 0.29 0.87
Sensitivity 100% 90% 90%
Specificity 100% 45% 75%
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threshold values required to optimize both the sensitivity and
the specificity for differentiating between AE and CE. In the
region of 40e60 keV, a threshold k of 0.24 yielded a
sensitivity and specificity of 100% and 100%; however, in the
region of 70e140 keV and 60e70 keV, a threshold k of 0.87
and 0.29 decreased the sensitivity and specificity to 90%,
75% and 90%, 45% respectively (Fig. 5).Fig. 5. Receiver operating characteristThere were statistical significances for the quantitative
parameters of CT value and QIC for AE and CE (CT value:
44.97 ± 6.37 vs 17.5 ± 8.1 Hu; IC:10.40 ± 4.24 vs 1.84 ± 0.65
mgI/mL).
4. Discussion
In this present study, it reported the initial clinical experi-
ence with multiple quantitative parameters images for
assessment of HAE lesion at DESCT that demonstrated an
improvement of HAE vascularity detectability, lesion conspi-
cuity and differential diagnostic efficiency as compared with
conventional CT system.
The dual energy spectral CT imaging mode provided an
alternative for detecting and characterizing HAE. DESCT was
based on a single tube, fast tube voltage switching-dynamic
switching between 2 different energy spectrums of x-rays on
adjacent views during a single rotation. It enabled the acqui-
sition of spatially and temporally registered high- and low-
energy data sets in the axial and helical modes at the full
50-cm FOV [20,21].
For years, due to the lacking of both intralesional and rim
enhancement to peripheral vascular structures detection of
echinococcal lesion in many other imaging studies [9,22e24],
the vascularization or contrast enhancement pattern of AE has
been discussed controversially. In our previous study [25], we
used dynamic contrast-enhanced CT perfusion as a potential
new method to assess the therapeutic response of lesion
vascularization to antiparasite drug treatment of HAE. The
results showed that the CT perfusion method could reveal the
different levels of angiogenesis in the periphery area of HAE,
which validated the feasibility of using the advanced imaging
technologies to detect the blood microcirculation in AE.ic curves for spectral curve slope.
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lesion sites, unstandardized post-processing, and radiation
dose, prohibited its application into routine clinical practice. In
our study, 71% of the HAE lesions was visualized with pe-
ripheral or intralesional contrast enhancement on pseudocolor
iodine-based material decomposition image, which was higher
than that of 9 (50%) on conventional contrast enhanced CT
image during PVP and VP. Meanwhile, the measurements for
the size of HAE were 79.53 ± 53.77 mm on pseudocolor
iodine-based material decomposition image, which was also
greater than that of 71.36 ± 50.16 mm on conventional CT. It
improved the vascularity detectability for HAE lesions. These
findings in some extent were consistent with those observed by
Ehrhardt et al. [22] and Coskun et al. [26] showing the pe-
riphery enhancement pattern of the lesions in late contrast
enhancement phase and yet with higher detection rate on
iodine overlay image. However, these studies did not measure
quantitatively because of lacking of quantitative parameters.
Under the relatively fixed concentration and the flow rate of
iodinated contrast medium, the QIC should be proportional to
the blood perfusion in segmented lesions [13e15] and thus
reflected the vascularity of the focal lesion. DESCT provided
rich and reliable hemodynamic information of tissue with
iodine quantification. It helped us accurately identify blood
supply with the iodine-based images. In our quantitative
analysis with IC for different components of HAE lesion, out
results showed that the difference of iodine densities between
marginal zone outside, marginal zone inside, and solid com-
ponents of HAE lesion and normal liver parenchyma was
significant for all contrast enhanced scan phases (P < 0.05).
The marginal zone outside of the AE lesion showed high
iodine density distribution as a sign of viability in this area.
The mean iodine density of marginal zone outside was higher
than that of solid and marginal zone inside. Such results
validated the existence and distribution of blood micro-
perfusion of the HAE lesions, demonstrating that the IC was
likely to serve as a valuable functional imaging parameter for
evaluating vascularity in HAE lesions.
Because the detection of low-contrast objects was depen-
dent on both image contrast and image noise, the contrast-to-
noise ratio (CNR) was used to quantify the image quality. In
addition, higher image contrast and lower image noise would
be desirable for detecting low-contrast objects, which was
fitted for HAE lesion [27]. So the optimal CNR could be
helpful to display detail of HAE lesion. In this study, the CNR
was calculated by subtracting the mean CT in the region of
interest on HAE lesion from that in the background liver pa-
renchyma and dividing the result by the SD of the mean CT
value in the region of interest on the liver background. DESCT
can provide the monochromatic energy images from 40 to
140 keV, which were less vulnerable to artifacts such as beam
hardening and pseudo enhancement and provide a higher
contrast-to-noise ratio than polychromatic images produced by
conventional CT. Furthermore, monochromatic images from
DESCT could provide the benefit of superior contrast resolu-
tion afforded by the lower-energy acquisition but with less
noise and greater conspicuity of solid organ parenchymalmasses. Monochromatic images likewise offer several advan-
tages over conventional CT images to decrease susceptibility
to beam hardening artifact and pseudo enhancement, and in-
crease ability to quantify enhancement through construction of
spectral curves that delineate attenuation changes at low and
high energies, with resultant improved lesion detection and
characterization [28,29]. Our results showed that energy of
65 keV with CNR mean value of 4.27 ± 2.38, 3.92 ± 1.37
during PVP and VP could get the optimal parameters of
monochromatic images for high contrast ratio to display the
border and contrast enhanced area for HAE lesions and, was
optimal monochromatic image can for displaying HAE le-
sions, which favors optimizing the image quality and dis-
tinguishing lesions from live parenchyma.
Determining the nature of the lesion is very important for
imaging diagnosis. Since HAE tissues with various compli-
cated composition, traditional imaging modalities could not
satisfy the need of diagnosis for some lesions like live abscess
or cholangio-cellular carcinoma with similar imaging changes.
Therefore, new imaging approaches are needed to reflect the
chemical compositions of the lesions. DESCT is based on use
of two spectral X-ray sources of different energy. In clinical
practice, two different spectra are produced by two different
voltage X-ray bulbs or by one bulb with instantaneous con-
version into two different voltages. The latter method was used
to generate single energy images ranging from 40 to 140 keV
by instantaneous exchange of two peak voltages. The gener-
ated X-ray attenuation curve (spectral curve) could reflect the
characteristics of the different tissues scanned. So that means
DESCT and its spectral curve could provide additional infor-
mation of molecular biology and microscopic pathology [30].
In this study, we tried to investigate the characteristic of
spectral curves of solid masses caused by HAE, and to explore
the value of the spectral curve in distinguishing the AE and CE.
We observed the curve in solid component seeming like the
“inversed saddle pattern”, while the spectral curve of margin
zone, normal liver parenchyma and CE was in gradually falling
type. The differences of slopes between solid, margin zone and
normal liver parenchyma of HAE lesion were of statistical
significances in the region of 40e60 keV and 60e70 keV
(P < 0.05), and there were statistical significances in slopes
between AE and CE with different keV region. Moreover, we
divided the different energy region with 40e140 keV by a
small interval of 40e60 keV, 60e70 keV and 70e140 keV
according to the changes of curve slope, and found there was
quit difference with slope in the region of 40e60 keV between
AE and CE: AE was in uptrend type (0 < k < 1) and CE was in
falling type (1 < k < 0). From 60 to 70 keV and 70
to140 keV, both AE and CE had the same curve slope, but CE
was higher than AE. These results were possibly due to their
differences of microstructure and composition evolution,
growth stage, metabolism and immune response.
Receiver operating characteristic analysis in our study
revealed that the slope of spectral curve were highly sensitive
for differentiating AE and CE. This was especially true for the
differentiation in the region of 40e60 keV, for which sensi-
tivity and specificity was 100% at threshold k of 0.24.
127Y. Jiang et al. / Radiology of Infectious Diseases 3 (2016) 120e127Although less need for such differential diagnosis between AE
and CE in most cases because they both had typical imaging
findings, this new imaging mark with optimal thresholds might
be derived to maximize both sensitivity and specificity in some
ways, especially in some cases that diagnosis was difficult to
make in the presence of CE co-infection or with other like live
abscess or cholangio-cellular carcinoma with similar imaging
changes.
In conclusion, DESCT provided multi-parameter diagnosis
methods with monochromatic images, iodine-based material
decomposition images, optimal CNR images, spectral curves
and the quantitative analysis tools for the diagnosis of HAE.
These methods were easy, robust, and less observer-
dependent, and therefore likely to serve as a valuable func-
tional imaging parameter for evaluation of HAE. As a result, it
could be a promising imaging mark of the HAE in clinical
practice in the future.
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